INTRODUCTION
It was once thought that when we reach a certain age we no longer make new neurons. On the contrary, Sherman (2015) argues that there is now growing evidence that we need new neurons to learn and this is driven by intellectually stimulating material. This happens in the ventricles and hippocampus over the lifespan (Wan, & Schlaug, 2010,) . Developing new neurons and learning related changes to neurons is termed neuroplasticity (Strait & Kraus, 2014) .
Musicians may have additional advantages in neuroplasticity (Wan, & Schlaug, 2010) .
Musical Training and Neuroplasticity
Music training is a complex process that involves many structures in the brain. The neurology of music training involves "auditory pathways, other specified regions, Heschl's gyrus, the planum temporale," (Newton 2015) . As the instrumentalist is training on their instrument, they are sensitive to the auditory feedback. They are analyzing pitch, making adjustments, creating emotional responses, and memorizing details. This happens over a very short timespan. This is significant because music training is a combination of attention to auditory sensitivity and memory, and these abilities are related to the neurology of motor and visual training.
Motor training is believed to change white matter within the brain (Schmithorst & Wilke, 2002) . During typical childhood development, white matter growth has been associated with fine motor movement ability. (Schmithorst & Wilke, 2002) . Authors Schmithorst and Wilke (2002) use diffusion anisotropy to show changes in white matter. Activation of the corpus callosum and planum temporale over time were found to have increased white matter too (Schmithorst & Wilke, 2002) . Children and young adults who began musical training during brain development have been shown to have anatomically changed gray matter and white matter (Gaser & Schlaug, 2013) . It is known that when playing a musical instrument, heavy repetition and sequencing is involved with finger and breath coordination, stimulating the cerebellum and striatum.
Additional studies have been able to investigate the relationship between the cerebellum and striatum and have found that both brain structures play a key role in repetitive complex motor movements (Shadmehr, & Holcomb, 1997) . Thus, research has shown that an increase in myelination increases the rate of transmission of nerve impulses, and is therefore a possible explanation for high level musician ability (Bengtsson et al., 2005) .
Musicians have demonstrated enhanced motor and sensory learning capabilities (Gaser & Schlaug, 2013) . Musicians, sight-reading, performance, and practice is all dependent on finger and hand movements. Gaser and Schlaug have found that musicians who practiced at least 1 hour per day had increased gray matter in the primary motor and somatosensory regions of the brain.
These locations in the brain are associated with motor movement such as planning, preparation, and execution of finger movements. This study further suggests that neural plasticity encourages an increase in gray matter and makes it easier for musicians brain structures to adapt to ever changing environments. Gaser and Schlaug quoted a study in which animals performed continuous motor training and displayed neural plasticity and changes in the hippocampus, ventricles and cerebellum (as cited in Anderson, 1994) . They found a significant increase in synapses and glial cells in the cerebellar cortex. This is significant because with this increase in brain activity and structure, studies have found musicians to have better long-term memory, benefits in language processing, and improvements in cognitive processing (Dittinger et al., 2016) . Thus, there is a connection between gray matter increases growth and musical training.
Practicing music has specific effects on the human brain. For example, musicians may have more synapses than nonmusicians due to the challenge of learning new pieces of music. It is the combination of sensory and motor learning and memory that promotes the creation of new synapses, neurons, and myelination (Bednarek & Caroni, 2011) . In a study conducted by Bednarek and Caroni, mice were used to study the effect of environmental sensory enrichment and the formation of new synapses as well as the reformation of preexisting synapses and neurons. They found an increase in synapses and enhanced plasticity. Music training is comparable to sensory enriched environments and with the amount of variety in sensory, motor, and auditory experiences, the formation of new synapses, reformation, and connections becomes possible (Strait & Kraus, 2014) .
Neuroplasticity and Learning in Musicians
Since music training increases white matter, neuroplasticity, and the formation of new synapses, then we might expect musician's accuracy of learning a new task will be improved.
Short-term memory and learning are thought to be strengths for musicians (Strait & Kraus, 2014 ). Strait and Kraus argue that the cognitive sensitivity of attention and memory involving quick timing response, attention to tuning, and increased auditory sensitivity promotes synaptic plasticity and an overall advantage over nonmusicians.
Studying and learning to play music involves visual, auditory, motor, sensory, and memory training. Authors Anaya, Pisoni, and Kronenberger (2017) tested 24 musicians and 24 nonmusicians with the goal to assess visual-spatial learning and memory abilities in musicians. A total of four measures were used. The matrix reasoning was issued to provide "a normed baseline measure of global nonverbal intelligence," (Anaya, Pisoni, and Kronenberger, 2017, p. 5) . The peabody picture vocabulary test IV (PPVT) was issued to examine receptive vocabulary skills.
The digit span was delivered to measure "short-term auditory-verbal memory," (Anaya, Pisoni, and Kronenberger, 2017, p. 5) . The visual-spatial sequence learning and memory was used to examine participant's ability to learn visual patterns. They found musicians performed better than nonmusicians. Musicians are constantly processing symbols, auditory, and sensory information in a short time period. Authors Anaya, Pisoni, and Kronenberger (2017) , hypothesize that it is the years of formal musical training that benefit and enhance a musician's learning abilities. This study was similar to the learning assessment in comparing musicians and nonmusicians in the area of learning. However, the learning assessment remains a novel study in assessing accuracy of learning and RT in musicians and nonmusicians. The learning assessment used novel nonwords for the stimulus. The visual-spatial sequence learning and memory study consisted of learning shapes and sequences and also assessed vocabulary. Authors Anaya, Pisoni and Kronenberger state that future research should include musicians from a homogenous group in order to isolate features that may impact the result outcome. This is significant because there is still a lack of research regarding the relationship between music and the accuracy of learning and RT. The learning assessment studied woodwind musicians in order to isolate features.
Auditory and Memory Tasks
Musicians have increased auditory sensitivity that enables them to learn nonmusical structures more efficiently. This has been shown across musical ability levels and ages (Anand, Mohan, & Yeraguntla, 2017; Carretti, Grassi, & Talamini, 2016; Fauvel et. al 2014; Francois, 2011) . Structural changes within the brain enables an increase in auditory evoked action potentials which allows for a larger neural representation for sounds (Francois 2011) . A study conducted by Francois (2011) , sought to answer if musical training improves artificial language learning. Participants included 16 professional musicians and 20 nonmusicians. The stimulus was 5.5 minutes of uninterrupted sung speech consisting of "5 3-syllable nonsense words," (Francois 2011) . Author Francois (2011) , found that musicians have the ability to increase auditory information in short-term memory load compared to nonmusicians. It was found that musicians have a "larger representation for linguistic and musical structures during listening phases," (Francois 2011) and have the ability to organize sounds in sequence. Francois (2011) concludes that musicians have the ability to learn artificial language better than nonmusicians.
This indicates that musicians may be able to learn novel nonwords better than nonmusicians due to their enhanced short term memory load, ability to organize sounds, and increase in auditory evoked action potentials.
A study by Talamini, Carretti, and Grassi (2016) , was conducted to test musicians' memory in a digit span test, which is a number memory task. Musicians and nonmusicians performed a digit span task that was presented auditorily, visually or both. Talamini, Carretti, and Grassi (2016) found that musicians had larger auditory and audiovisual spans. It was concluded that musicians have an advantage over nonmusicians in auditory working memory tasks.
Past studies have shown that musicians perform well in auditory tasks, even less experienced musicians (Anand, Mohan, & Yeraguntla, 2017) . School age children participated in musical training for 2 years and were compared to nonmusicians in an auditory processing task involving pitch and auditory perception. The new school age musicians performed better than the nonmusicians in the "pitch pattern test, the random gap detection test and in the child auditory processing performance scale," (Anand, Mohan, & Yeraguntla, 2017, p. 1) . The study concluded that music training improves auditory processing, which was seen in the school age children's classroom. This is important because the study demonstrates that music training can improve various processes, even for amateur musicians.
It has been shown that even as musicians age, musicians outperform nonmusicians on working memory and auditory tasks. A study conducted by Fauvel et al. (2014) tested 68 musicians and nonmusicians. The mean age in the middle aged group of musicians and nonmusicians was 39 years and the mean age in the older group of musicians and nonmusicians was 76 years. Eight different experiments were conducted to test verbal long-term memory, auditory memory, processing speed, visual scanning, and non-verbal reasoning. The study found that musicians performed better than nonmusicians in processing speed and auditory memory for both age groups. Authors Fauvel et al. (2014) , state music training involves "score reading, typing, and auditory attention," which increases neural responses for processing speed and auditory memory. This is significant because this provides musicians an advantage over nonmusicians in the area of cognitive aging. Though this study is similar to the learning assessment in the aspect of learning a task, this study sought to examine the effect of music training on cognitive aging. The learning assessment is comparing accuracy of learning and RT in musicians and nonmusicians.
All of these studies support the connection of musical training improving auditory sensitivity and memory. Structural change within the brain improves auditory function and allows an increase in information for short-term memory load for musicians. This is significant because it indicates musicians may perform better than nonmusicians in auditory based tasks. However, the relationship between the effect of music training on accuracy of learning in college age musicians remains unexplored.
Relationship Between Memory and Increased Gray Matter
Few authors (Kleber et al., 2016; & Bermudez 2010) have explored the relationship between improved memory and increased gray matter in musicians. In testing 71 musicians and 64 nonmusicians, Bermudez (2010) found that gray matter was significantly larger in musicians than nonmusicians. The musicians and nonmusicians were tested in a note naming task that sought to study memory using a brain scan to view areas of brain activation. While being subjected to the note naming task, the musician's' brain scan showed the posterior dorsolateral frontal, ventrolateral frontal and parietal areas activated. These areas of the brain are responsible for synapsing neurons and sending sensory information to different parts of the brain. This is significant because it shows that increased gray matter creates increased synapses therefore improving memory. Musicians working memory is highly developed due to "enhanced neural networks", increased gray matter and "white matter connectivity" (Loui, 2016 ).
An increase in gray matter has not only been shown in instrumental musicians but vocal musicians too (Kleber et al., 2016) . This study sought to explore the relationship of "use dependent structural plasticity" in vocalists and gray matter. The study consisted of 27 professional classical singers and 28 participants with no trained signing experience. It was found gray matter increases in the "ventral primary somatosensory cortex and adjacent rostral supramarginal gyrus, as well as in secondary somatosensory and primary auditory cortices," in singers (Kleber et al., 2016) . This is significant because it demonstrates that different forms of musical training can create structural changes in gray matter.
Previous research has shown a positive relationship between music training and an increase in neuroplasticity (Schmithorst & Wilke, 2002) , in gray matter and white matter (Gaser & Schlaug, 2013) , and an improvement in auditory sensitivity and memory (Anand, Mohan, & Yeraguntla, 2017; Carretti, Grassi, & Talamini, 2016; Fauvel et. al 2014; Francois, 2011 ).
However, no previous studies have addressed the question: Does an adult musician learn more accurately than an adult nonmusician? That is, does the increase in gray matter in the motor and somatosensory regions lead to accuracy in learning new auditory information?
Studies have used novel nonwords (Kaushanskaya 2011) in order to test accuracy of learning. Author Kaushankaya (2011), sought to study the effect of bilingualism and monolingualism on word-learning. The stimuli were novel nonwords that presented similar to English phonemes. Nonwords are a good test of learning because they combine working memory and in the case of auditory nonwords, input of auditory information. Testing novel nonword learning can demonstrate learning of new information and the cognitive processes involved.
Existing studies have not studied the effect of musical training on accuracy of learning.
Nonwords will test whether auditory learning in musicians extends to accuracy of learning novel nonwords. Therefore, I tested nonword learning in musicians compared to nonmusicians.
RESEARCH QUESTION
If myelination, synapses, and neurons are increased in musicians leading to better auditory learning, then do adult musicians learn nonwords more accurately than adult nonmusicians?
METHODOLOGY

PARTICIPANTS
Participants were 10 college age adults (5 female, 5 male), 20-26 years old recruited from the Portland State University community. The participants was divided into two groups: 5 musicians with 5-10 years of musical practice on a wind instrument and 5 nonmusicians with no musical practice in the last 5-10 years. Those with history of neurological or developmental disorders and hearing impairments will be excluded from the study. All methods were approved by the Portland State University Institutional Review Board.
STIMULUS MATERIAL
The stimuli were twelve novel nonwords that are phonetically similar to English words (Kaushanskaya 2011) . The stimuli were chosen from http://elexicon.wustl.edu/NonWordStart.asp. All twelve nonwords were chosen at random and consisted of five letters, vowels, and consonants. The twelve nonwords were: aarod, ahack, abose, abape, abhar, faste, tathe, pasil, peads, reaut and hebop. There were twelve nonwords that participants were presented, however they were only tested on ten of the words leaving two outliers: Abape and Peads. Each word was associated with a picture (see Figure 1) . 
PROCEDURE
Testing took place at Portland State University in the Neurolinguistics lab. Participants were tested individually during one session. The session took approximately an hour and consisted of two phases: a word learning and testing phase. Once participants signed the informed consent form, the experimental trials began. All participants were tested in a sound attenuated room with a computer and headphones. Consistent SPL was used for each participant at approximately 65 dB. During the learning portion phase, the participant saw an instruction screen that read: "The learning portion will consist of twelve words. You will have four seconds to memorize one word.
You will be shown a picture, a word, and hear an audio stimuli. After the learning portion, you will be directed to the testing portion." The objective was to learn that the picture was correlated with a nonword. Each word and photo were shown for four seconds (Harb 2010) while the participant heard the auditory word. After 4 seconds, a blank screen was displayed for one second (Nico 1985) . After hearing all twelve words, participant was tested for accuracy of word learning. During the testing portion, the picture was shown on the screen, four words were in a word bank to chose from. During the testing phase, participants saw a new set of instructions that read: "Based on the picture shown, choose the word that goes with it as quickly as possible.
When you are finished, you may exit the lab." Participants identified which word belongs to each picture by clicking on the appropriate word in the word bank with a computer mouse. Each participant was tested on the same ten words, leaving the same two outliers.
RESULTS
Two independent t-tests were conducted to determine whether accuracy and reaction time (RT) differed between musicians and nonmusicians. Musicians did not differ significantly from nonmusicians; t(8)=1.234, p=.252 (one tailed). Musicians showed no significant difference in RTs compared to nonmusicians, t(8)=(0.542), p=0.603, (one tailed). Table 1 shows means and SDs for the dependent variables for each group. 
DISCUSSION
The main objective of this experiment was to compare the accuracy of learning between musicians and nonmusicians. With this objective, we tested 5 musicians and 5 nonmusicians on novel nonword learning. My hypothesis that adult musicians will learn nonwords more accurately than adult nonmusicians was not supported by this data because there were no difference in accuracy of learning or RTs between musicians and nonmusicians.
My findings are inconsistent with previous literature studies that report that musicians outperform nonmusicians in learning on various tasks (Francois, 2011; Strait & Kraus, 2014) .
Memory and learning are widely accepted strengths for musicians (Francois, 2011; Strait & Kraus, 2014) . It is argued that the auditory sensitivity and memory involved in music training promotes synaptic plasticity and an overall advantage over nonmusicians (Strait & Kraus 2014) .
Musicians have the ability to increase auditory information in short-term memory load compared to nonmusicians because musicians have the ability to organize sounds in sequence (Francois 2011 ), seemingly confirmed recently by Talamini, Carretti, & Grassi, (2016) who found that musicians have an advantage over nonmusicians in working memory and auditory tasks.
The results of the current study do not confirm previous findings and arguments (Anaya, Pisoni, & Kronenberger, 2017 ), but the current findings also do not provide strong evidence against previous research due to a few limitations. Limitations of our study included a small sample size, lack of musical proficiency level measurements, lack of controlling for sight reading (to perform a piece of music with no previous planning) experience in musicians, and lack of in depth background on type of instrumental expertise and experience.
Sample size effects result outcomes. The learning assessment sample size was small, 5 musicians and 5 nonmusicians. In statistics, it is important to have a large sample size in order to avoid committing a type II error, which states that the null hypothesis that was accepted was false. Landry and Champoux (2017) studied 35 participants reaction time, consisting of 16 musicians and 19 nonmusicians. They found that musicians reacted faster and found "statistical advantage from multisensory coactivation" (Landry & Champoux 2017) . They found that with an auditory stimuli, musicians had a faster reaction time. The relationship of a larger sample size is related to significant results in previous literature. As discussed in the introduction, a recent study (Anaya, Pisoni, & Kronenberger, 2017) found that musicians performed better than nonmusicians in a visual-spatial learning and memory task. This was demonstrated testing 24 musicians and 24 nonmusicians. Years of music training consists of musicians processing symbols, auditory, and sensory information in a short time period. This benefits and enhances a musician's learning abilities. Thus, the musicians and nonmusicians that participated in my study may have in fact been shown to be different with larger groups.
Years of experience on an instrument could impact result outcomes too. The participants in the current learning assessment had 5 or more years of experience on their instrument, which may have impacted the result outcome. The participants in the study conducted by Landry and Champoux (2017) had started playing their instruments between the age of 3 and 10 years. Most of the musician participants were in their Master's programs, leaving one undergraduate and one P.h.D. They had on average a total of at least 7 years of formal musical training, which is far greater than the musicians in the current learning assessment. Even though there are benefits in music training across the lifespan (Fauvel et. al, 2014) , starting music training in childhood display better literacy and and a higher IQ (Fauvel et al., 2014) . There is a significant relationship between starting music training at a young age during brain development and change in brain anatomy (Gaser & Schlaug, 2013) . The study by Fauvel et. al (2014) sought to explore the effect of musical training and different ages. It found that processing speed and auditory verbal short term memory tasks were performed better by musicians than nonmusicians for different age groups. However, the study also found that musicians who started musical training in childhood performed better in phonemic fluency tasks than musicians who started musical training in adulthood. As discussed in the introduction, this could be explained by the intensity of motor training and auditory sensitivity on a developing brain that increases the development of new neurons and enhance structural plasticity (Schmithorst & Wilke, 2002) .
Differences in sight reading ability may have impacted the outcome of results. As discussed in the introduction, according to Gaylen (2005) , there is a connection to good sight readers and academic achievement. However, being a good sight reader depends on the amount of experience in performing music, music training, and innate musical ability (Gaylen, 2005) .
However, self-report measures may not be as accurate as a more objective form of sight reading evaluation. Characteristics of a good sight reader are perception, kinesthetics, memory, and problem solving skills (Lehmann & McArthur, 2002) . There are many personal definitions of "sight-reading." One may consider themselves a good sight reader after one run through of a piece, or another may consider themselves a true sight reader after extensive personal practice on a series of new etudes (Lehmann & McArthur, 2002) . Thus, my participants may have had lower sight reading ability than musicians in previous studies resulting in my null outcome.
Different skills are acquired with musicians who are on the instrumental track and conductor track. Woodwind musicians on the instrumental track spend many hours on their specific instrument of focus and typically read one line of musical notes at a time. However, a conductor has to spend hours studying a musical score and composition, which has multiple lines of musical notes. An event-related brain potential study found that in comparing conductors to musicians and nonmusicians, only conductors responded to stimuli occurring in the "peripheral auditory space" and stimuli outside "the focus of spatial attention" (Münte, Nager, Beiss, Schroeder, & Altenmüller, 2003) . This is important because this shows that different types of musical training yield musicians to process and respond to different stimuli. Thus, the specific experience of the musicians in my study may have affected the outcome.
FUTURE RESEARCH
Future research should include a brief questionnaire about different activities performed by musicians and nonmusicians because it may have interfered with the results. Structural brain changes were found with any motor or sensory skill learning such as sports, musicianship, or computer games (Fields 2011) . However, the study states that white matter was increased in musicians compared to nonmusicians (Fields 2011) . Different structures increase and decrease based on skill based activities. Future research should also include an extensive interview and a possible sight reading playing test to find similar sight reading ability. Type of musical participation should be included as this study could not be controlled for socioeconomic factors such as family income and parental education. If the parent had experience with music training, education, or varying forms of participation, the more likely their child will have years of private lessons, different forms of experiences, or musical training classes.
This design only took woodwind music background which limited the amount of possible variables. However, the design did not exclude musicians on the conductor track, therefore it did introduce a possible variable of different sensitivities for different stimuli. In the future, it will be important to study musicians who specialize in one instrument to decrease the amount of variables. Even though this study was not designed to study the relationship of musical expertise and heredity, it should be taken into account for future studies. Some studies have suggested that heredity has an affect on musical ability (Brown 2015) .
In conclusion, the present study examined the relationship between musical training and accuracy of learning nonwords. No differences were found in accuracy of learning or RT's between musicians (individuals with 5 or more years of musical training experience) and nonmusicians (individuals with no musical training experience). The lack of difference in accuracy of learning and RT between musicians and nonmusicians do not confirm previous findings and arguments (Anaya, Pisoni, & Kronenberger, 2017 ), but the current findings also do not provide strong evidence against previous research due to a few limitations. We suggest for future investigations to include a larger sample size, optimal musical proficiency level measurements, control for sight reading experience in musicians, and conduct an in depth background on type of instrumental expertise and experience.
